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The establishment and maintenance of epithelial cell polarity is essential 
throughout the development and adult 
life of all multicellular organisms. A key 
player in maintaining epithelial polar-
ity is Crumbs (Crb), an evolutionarily 
conserved type-I transmembrane pro-
tein initially identified in Drosophila. 
Correct Crb levels and apical localization 
are imperative for its function. However, 
as is the case for many polarized pro-
teins, the mechanisms of its trafficking 
and strict apical localization are poorly 
understood. To address these questions, 
we developed a liposome-based assay to 
identify trafficking coats and interaction 
partners of Crb in a native-like environ-
ment. Thereby, we demonstrated that 
Crb is a cargo for Retromer, a traffick-
ing complex required for transport from 
endosomes to the trans-Golgi-network. 
The functional importance of this 
interaction was revealed by studies in 
Drosophila epithelia, which established 
Retromer as a novel regulator of epi-
thelial cell polarity and verified the vast 
potential of this technique.
Three mutually antagonistic protein com-
plexes have emerged as the key regulators 
of epithelial polarity, the PAR-3, Scribble 
and Crb complexes.1 Crucially for their 
functions, these complexes localize to 
discrete sites of the plasma membrane: 
the Crb complex localizes apically to the 
adherens junction (analogous to the tight 
junction in vertebrate epithelia) 2,3 whereas 
the Scribble complex localizes to the lat-
eral and basal domains.4 Members of the 
PAR-3/Baz complex localize to the api-
cal and sub-apical regions as well as to 
the adherens junction itself.5 Maintaining 
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these distinct localizations depends not 
only on antagonism between these polar-
ity complexes1 but also on polarized traf-
ficking itineraries that deliver secreted and 
membrane proteins to specific membrane 
domains.6 Mechanisms of polarized traf-
fic vary hugely depending on the cell type 
and the developmental stage. Extensive 
work in polarized cell systems has revealed 
several routes including vectorial and 
transcytotic pathways.7,8
It has been shown in many cases 
that the targeting information guiding 
a transmembrane protein to its sub-cel-
lular destination can be encoded within 
its cytoplasmic domain, in the form of a 
short motif.9 Recognition of this motif 
by trafficking complexes allows decod-
ing of this information, correct sorting of 
the cargo and transport to its subcellular 
destination.9,10 By consequence, the char-
acterization of the interaction network of 
a transmembrane cargo can provide valu-
able information on the pathways through 
which it travels as well as the mechanisms 
of the underlying sorting events. With 
this rationale the Hoflack lab success-
fully characterized coat assembly of AP-1 
mediated transport of the varicella zoster 
virus glycoprotein I11 and AP-3 mediated 
transport of LIMP-II12 using chemically 
synthesized peptides covalently coupled to 
liposomes via a hydrazone bond.13 These 
so-called proteo-liposomes were then used 
for recruitment, isolation and identifica-
tion of potential interaction partners from 
brain cytosol. The main advantage of this 
system over conventional pull down assays 
or yeast two hybrid methods is the strongly 
enhanced sensitivity and specificity. This 
is achieved by presenting the cytoplasmic 
domain of the transmembrane cargo in a 
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Crb caused by the inactivation Retromer 
are responsible for disrupted cell polarity. 
This study thus provides proof of principle 
that proteo-liposomes can be employed 
successfully to understand the trafficking 
properties of previously uncharacterized 
membrane proteins.
Interestingly, our findings highlight 
the fact that Crb localization at the api-
cal pole of polarized cells is far from static. 
Crb undergoes endocytosis, reaching 
endosomes, from which it is retrieved by 
Retromer. The next step(s) in the traf-
ficking of Crb in polarized cells remains 
largely unknown. Whether it traverses 
the TGN on its way back to the plasma 
membrane or other endosomal compart-
ments, particularly Rab 11-positive recy-
cling endosomes, will need to be explored 
in future studies (Fig. 1). Previously it 
has been suggested that Crb traffics via 
Rab 11-positive recycling endosomes on 
its journey to the plasma membrane.21,22 
However, it is currently unclear whether 
only newly synthesized Crb traffics 
through Rab11 positive endosomes or if 
Crb recycling from the plasma membrane 
converges with newly synthesized Crb in 
this compartment.
One point still to be resolved is the 
functional significance of Crb recycling. Is 
the retrograde transport of Crb a method 
of regulating plasma membrane levels of 
Crb? Or is there a particular significance 
in the recycling of Crb by Retromer rather 
than other recycling machineries? The lat-
ter question raises new possibilities with 
regards to the function of Crb itself. It has 
been shown in various systems that polar-
ized molecules depart from the TGN in 
a specific manner, i.e., sorting of polar-
ized transport can occur at the level of 
the Golgi.7 The transport of Crb back to 
this site may suggest a role for Crb in co-
transporting other apically destined pro-
teins on its way to the apical membrane. 
This might be an attractive hypothesis 
given the observed defects in apicalization 
in the absence of Crb.3,23 Alternatively, it 
is conceivable that Crb, like many other 
Retromer cargoes, is acting as a transport 
receptor for secreted proteins that are 
sorted in the TGN. In this case Crb would 
travel back to the TGN to bind soluble 
cargo(es) that require specific secretion 
from the apical surface. Exploring these 
(TGN).17 Loss of function of Retromer 
leads to missorting of its cargoes to late 
endosomes and lysosomes, resulting in 
the degradation and loss of cargoes.18,19 
To test the functional significance of the 
Crb-Retromer interaction we inactivated 
Vps35 or Vps26 by either using a loss-of-
function allele for Vps35 20 or RNAi sup-
pression of both genes in Drosophila. This 
produced a prominent loss of Crb protein 
in larvae, imaginal discs and the follicular 
epithelium, a common model epithelium 
for studying cell polarity. Additionally, 
loss of Vps35 induced two striking polar-
ity defects: (1) multilayering of the follicu-
lar epithelium, indicative of gross defects 
in cell polarity and (2) more specifically, 
loss of the Crb partner Stardust and a 
reduction in the levels of apically localized 
aPKC and Par6 (both members of the Par/
Baz complex). The latter could be rescued 
by the overexpression of Crb, demonstrat-
ing that indeed the diminished levels of 
membrane context, which allows the isola-
tion of sorting complexes that commonly 
require cues from both cargo and mem-
brane.9 Furthermore, in this biochemical 
system experimental variables like the 
activation state of GTPases can be modi-
fied by the inclusion of GTP or GTPγS 
during protein recruitment.
In Pocha et al. 2011 14 we redesigned 
this system by coupling the recombi-
nantly expressed and purified cytoplasmic 
domain of Crb 2 to liposomes via a thio-
ether bond,14,15 thereby overcoming the 
restrictions imposed by chemical peptide 
synthesis. We found that Crb 2 specifically 
recruits Vps35 and Vps26b from brain 
cytosol, two subunits of an endosome-
localized sorting complex termed the 
Retromer.16 The established and conserved 
function of this complex is to retrieve 
transmembrane receptors from the limit-
ing endosomal membrane and to mediate 
their transport to the trans-Golgi-network 
Figure 1. trafficking of Crumbs in wildtype and retromer-deficient epithelial cells. In wildtype 
cells Crb is located at steady-state at the apical domain (purple) and excluded from the baso-
lateral domain of the plasma membrane (blue). It undergoes endocytosis and is retrieved from 
endosomes by retromer. the pathway(s) by which it is recycled to the apical domain remain(s) 
uncertain. One possibility is that Crb is transported to the tGN from where it is sorted to the 
apical domain, either directly or indirectly via rab11 positive recycling endosomes (indicated by 
black arrows). alternatively, retromer may mediate a more direct sorting of cargoes to the api-
cal domain. Loss of retromer leads to reduced retrieval of Crb from endosomes. Crb trapped in 
endosomes is degraded in lysosomes, resulting in strongly reduced Crb levels and striking defects 
in epithelial polarity and integrity.
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possibilities in future studies will strongly 
enhance our understanding of Crb and its 
role in epithelial polarization.
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